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Abstract: High growth in the uptake of electrical appliances is accounting for a significant 
increase in electricity consumption globally. In some developed countries, standby energy 
alone may account for about 10% of residential electricity use. The standby power for many 
appliances used in Australia is still well above the national goal of 1 W or less. In this paper, 
field measurements taken of standby power and operating power for a range of electrical 
appliances are presented. It was found that the difference between minimum value and 
maximum value of standby power could be quite large, up to 22.13 W for home theatre 
systems, for example. With the exception of home audio systems, however, the annual 
operating energy used by most electrical appliances was generally greater than the annual 
standby energy. Consumer behaviour and product choice can have a significant impact on 
standby power and operating power, which influences both energy demand and greenhouse 
gas emissions. 
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1. Introduction 
The household sector is responsible for about 15 to 25 per cent of primary energy use in 
OECD countries and may have an even higher share in many developing countries [1]. In 
Australia, it was estimated that energy consumption by the residential sector in 2007 
accounted for 451 PJ, which was 12% of Australia’s total energy consumption of 3642 PJ [2].  
Over the period 1990 to 2020, a 56% increase in residential sector energy consumption has 
been predicted [2]. Because a large proportion of the energy used by the sector is in the form 
of electricity, which is the most greenhouse-gas-intensive form of delivered energy in 
Australia, it was further estimated that the sector might account for over 17% of Australia’s 
energy-related greenhouse gas emissions [3]. 
 
In the household sector, electrical appliances, including colour television, office equipment, 
refrigerators, freezers, clothes washers, electric clothes dryers, dishwashers and computers, 
can consume significant amounts of electricity. In 2006, electrical appliances accounted for 
22% and 24% of total household energy use in the USA [4] and in the Australia [2] 
respectively (Figure 1). In Australia, the growth in electrical appliance energy consumption 
was the largest among major end-uses [2], and was predicted to increase from 55.6 PJ (18.6%) 
in 1990 to 144.6 PJ (30.9%) in 2020 (Figure 2). Therefore, it is important that consumers 
have energy efficiency in mind when choosing and operating electrical appliances.  
 
Since modern household appliances have features such as remote control, memory, and clock 
display, which require/consume electrical energy, they use power 24 hours a day, even when 
they are not in use or are turned off [5]. The electrical energy consumed by electrical 
appliances when they are turned off, or not in primary use, is called standby electricity or 
leaking electricity. It was reported that standby power represents 20–60 W per home in 
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developed countries, and is responsible for about 2% of the total electricity consumption in 
OECD countries [6]. Studies in Germany, Japan, the Netherlands and the United States have 
found that standby power accounts for as much as 10% of national residential electricity use 
[7]. In Australia, it has also been estimated that standby energy may account for 10% or more 
of household electricity use [8].  
 
Because standby electricity use represents a significant component of residential electricity 
consumption, standby power has become a growing concern internationally. Studies have 
been undertaken to measure standby power for different types of electrical appliances in 
different countries. For example, extensive measurements of standby power were carried out 
in the USA [7, 9, 10, 11]. In Australia, Commonwealth, State and Territory government 
agencies are also cooperating through the National ENERGY STAR Program to encourage 
the use of energy-efficient equipment at home and in business [12]. In September 2003, 
Standards Australia published an interim test method for the measurement of standby power 
in AS/NZS 62301-2003 (int.) [13]. It was found by Lebot et al. [6] that reducing standby 
power would result in reductions in carbon emissions that would meet over 3% of the 
OECD’s total Kyoto commitments. This represents a considerable saving. 
 
In this paper, field measurements of standby power and operating power for a range of 
electrical appliances relevant for Australia are presented. Following this introduction, the 
methodology adopted in this study is presented. This includes the classification of operational 
modes for electrical appliances, the types and sample size of products covered in the study, 
the instrument used for field measurement and the study approach for data analysis. Results 
from the study will then be discussed and compared with available data from other studies.  
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2. Methodology 
 
2.1. Classification of operational modes for electrical appliances 
 
There is a wide range of appliance types, which have various features and often require more 
than one operational mode. For example, an electrical appliance can be in operational mode, 
active standby mode, passive standby mode, or off mode, as shown in Table 1. Researchers 
have used somewhat different definitions in studies of standby power [5]. For example, some 
described it in functional terms, such as ‘the power consumed by an appliance when not 
performing its primary functions’, while others have tried to use a technically simple 
definition, such as ‘the minimum power consumption of a device while connected to the 
mains’ [6]. Although the IEA (International Energy Agency) tried to reach a consensus on its 
definition, standby power is complex and would depend upon the device being measured [6].  
 
In this paper, for practical reasons, most of the measurements were taken when the devices 
were at their lowest electrical power consumption (e.g., passive standby mode) while 
connected to the mains. This definition is also consistent with the term used to measure 
standby power for a standby power store survey in Australia [14].  
 
2.2. Types and sample size of products in the study  
 
Two groups of products were selected for the study, covering a wide range of electrical 
appliances. The first group was electrical appliances which are not covered by Australia’s 
Minimum Energy Performance Standards (MEPS). They included complete home 
entertainment and audio systems, televisions and computers (TV has just recently been 
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included in the expanded MEPS and Star Ratings scheme). For this group of products, both 
standby power and operating power were measured. Also, the corresponding energy 
consumption for both standby and operational modes was estimated.  
 
The second group was white goods which are included in the MEPS but are not typically 
operated continuously. This included washing machines, clothes dryers, dishwashers and 
microwave ovens. For this group of products, only standby power was measured. The 
corresponding annual standby energy consumption was also estimated for each type of tested 
appliance. This group of products was selected because, although the MEPS labelling states 
the energy use of the product, it does not indicate specifically the standby energy or compare 
the standby energy with operating energy. It has been reported that some appliances may use 
more energy in standby than in primary operational mode [6].  
 
The number of products which were tested in this study is shown in Table 2. The sample size 
varied from 4 to 55, which was similar to the standby data for a store survey published on the 
Australian government’s energy rating website [14]. Hence, it was possible to compare the 
average standby power for the tested appliances with the national average standby power 
shown on the website, or from the recent report by Energy Efficient Strategies [8].  
 
2.3. Instrument used for field measurements 
 
The instrument used for the field measurements in this study was the Energy Monitor 3000, 
which is able to measure, with over 99% accuracy, various electrical parameters of voltage, 
current (up to 13 A), frequency, real power, apparent power and power factor.  
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Instantaneous readings of power, including both real power (W) and apparent power (VA), 
were taken every 30 seconds over a five-minute period. The maximum apparent power (VA) 
was also recorded to determine if the appliances had a significant start-up surge current and 
power.  
 
2.4. Data analysis 
 
The data analysis of this study used a combined approach of field studies and bottom-up 
estimation. As shown in Table 3, in order to calculate energy use, typical operating and 
standby times first had to be assumed for each group of appliances. For example, for home 
audio and theatre systems, televisions and computers, an average of three hours’ operating 
time per day was selected based on the report Energy use in the Australian residential sector 
1986–2020 [2]. The report indicated that operating hours of these appliances ranged from 2.5 
to 4.3 hours per day per appliance, with television sets the highest. Standby time was 
therefore determined as 21 hours per day for the first group. For clothes dryers, dishwashers, 
microwave ovens and washing machines, the assumption was that they would be operated for 
0.5 hour per day. Hence the standby time would be 23.5 hours per day. 
 
Based on the assumed operating time and the measured standby and operating power, annual 
standby and operating energy was then calculated using equation (1). The annual cost was 
then estimated, together with the greenhouse gas emissions for Queensland, Australia. These 
were based on Australian greenhouse gas intensity for end-use electricity in the Queensland 
electricity system (291kgCO2e/GJ) [15] and a unit energy cost of 18.83c/kWh. 
 
365.0××= TPE  (1) 
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where 
E is the annual operating or standby energy in kWh; 
P is the specific power for a given type of appliance in watts; 
T is the assumed time of operation or standby in hours per day. 
 
The average value for a given type of appliance was calculated using the following formula: 
 
Average_value


=
i
ii
N
NP
 (2) 
where 
Pi is the power or energy for a specific appliance; 
Ni is the number of appliances of a specific type.  
 
3. Field measurements 
 
The field measurements were carried out at the showroom of an electrical appliance retail 
store in Brisbane, Australia. This implied that the conditions for the field measurement were 
subject to the influence of the environment in the retailer’s showroom. For example, the 
measurements were taken in an ambient air temperature of 21°C, not 23°C as is required in 
Australian Standard AS/NZS 62301-2003 [13]. Moreover, the electricity supply voltage, 
frequency and harmonic distortion were not specially controlled. However, it was believed 
that the results would still be useful and comparable as the variation in conditions was not 
likely to have a significant effect on appliance standby or operating power consumption. 
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For the first group of appliances, i.e., home theatre and audio systems, televisions and 
computers, the test appliances were already in operation at the store and so were in active 
standby operational mode. It should be noted that computers were tested as stand-alone, 
without accessories such as printers. Each desktop computer had an LCD screen, while each 
laptop computer had a fully charged battery. The computers were also operating in a typical 
word processor or equivalent mode. For this group of products, both standby power and 
operating power were measured. 
 
The second group of electrical appliances, i.e., clothes washers and dryers, dishwashers and 
microwave ovens, were not connected to the mains power and so were in off mode. For 
testing purposes, they had to be connected to the power and switched to standby mode or the 
equivalent lowest power mode. For these appliances, only the standby real power and 
apparent power were measured.  
 
The following are some of the issues encountered when appliance standby power was being 
measured:  
• Larger model LCD and plasma televisions (e.g. screen size > 130cm) would go 
through several minutes of forced cooling when first switched to standby mode. This 
meant that the energy auditor had to wait for the fans to stop before taking the standby 
power reading. 
• In complex systems that had many components working together (e.g., home theatre 
systems), some components did not have a standby power mode, only an ‘on/off’ 
switch on the front (e.g., the sub-woofer amplifier on some systems). In this case, the 
most likely power state, when the appliance was left on standby mode, had to be 
assumed. For this study, it was assumed that most sub-woofer amplifiers were left on 
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in home theatre systems. This increased the standby power considerably, giving a 
worst case scenario. 
 
4. Results and discussions 
 
Different types of electrical appliances, or a given type of appliance with different brands, 
may have different energy efficiency and hence require significantly different amounts of 
operating power and standby power. In this section, the operating power and standby power 
measurements in this study are presented and discussed. 
 
4.1. Operating power  
 
As stated in Section 2.2, operating power was measured only for the electrical appliances in 
the first group. This was because this group of electrical appliances is not covered by the 
Australian Minimum Energy Performance Standards (MEPS). The operating power for those 
appliances is presented in Table 4, where ‘min. value’, ‘max. value’ and ‘average value’ 
corresponded to the minimum value, maximum value and mean value of the measurements 
respectively for each type of products. The estimated annual operating energy is also listed in 
the table. 
 
On average, the annual operating energy used by the laptop computers (with no battery 
charging) was about 43% of that used by the desktop computers. By comparison, the annual 
operating energy used by the home audio systems was 17% of that used by the home theatre 
systems. For televisions, the operating power of CRT televisions was less than for both LCD 
and plasma sets, largely due to the smaller screen sizes of the models tested. In general, larger 
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screens used more operating power. By comparison, LCD televisions of comparable sizes to 
the plasma televisions tested (107 to 148cm) used about 59% less total annual energy, 
assuming three hours’ of operation per day. 
 
From Table 4, it can also be seen that, for a given type of appliance, the operating power 
between the minimum and maximum values can vary significantly, from as low as 11.5 (i.e., 
35.88–24.35) W for a laptop computer to as high as 397 (i.e., 612.78–215.5) W for a plasma 
television, which would be equivalent to 435 (i.e., 397*3*365/1000) kWh of energy 
difference, $82 (i.e., 435*18.83/100) in annual electricity cost, and 456 (i.e., 
435*3.6*291/1000) kg of CO2 emissions per year. This highlights the importance of 
purchasing energy efficient appliances, which can result in not only financial but also 
environmental benefits. It is also important to choose electrical appliances with an energy 
rating label that gives a star rating and the estimated annual energy consumption for the 
appliance, so that the relative cost benefit ratio can be evaluated among alternative products 
at the time of purchase. 
 
4.2. Standby power 
 
Standby power was measured for the tested electrical appliances in both the first and the 
second groups. The results are presented in Table 5. For a given type of appliance, the 
difference between the minimum value and the maximum value can be quite large, up to 
22.13 (i.e., 22.7–0.57) W for home theatre systems. This was mainly attributed to different 
brands in a given type of appliances. Therefore, depending on the distribution of brands on 
sale during the test period, the average value for a given type of appliance would vary 
between the minimum and maximum values.  
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From the data on minimum value, it can be seen that, except for the home audio systems and 
CRT televisions, the standby power used was generally less than 1 W. This indicates that it is 
technically feasible to achieve standby power of less than 1 W for the majority of appliances. 
In fact, the Australian Ministerial Council on Energy (MCE) resolved that Australia should 
expand its commitment to reducing excessive standby power use by formulating coordinated 
product-specific plans to address excessive use over ten years (2002–2012), under the 
umbrella of the IEA ‘One Watt’ initiative. 
 
It was also interesting to note that, except for the dishwashers and washing machines, the 
average value of standby power for the tested appliances was generally lower than the 
Australian national average measured in 2005. This may be attributed to a number of factors, 
including the sample size and the combination of the tested samples and their brands. 
However, this was still an encouraging finding, particularly as more appliances are being 
built with more features that could lead to the consumption of more standby power. 
 
In the field measurements, it was also noted that, for some appliances such as dishwashers 
and clothes dryers, more expensive models usually used higher standby power. This was 
probably due to the higher number of electronic controls or displays featured in the product. 
For example, one type of dishwasher used up to 2.5 times the average standby power. For 
other types of appliances such as CRT televisions, it was found that more expensive models 
had lower standby power. It was also found that CRT televisions used much more standby 
power than both LCD and plasma televisions. However, the annual operating energy 
consumption of LCD and plasma TVs is much higher than that of CRTs, which would 
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overwhelm the savings due to their lower standby energy consumption. Interestingly, for 
LCD televisions, those with larger screens used less standby power.  
 
It was observed that most brands by manufacturers that had a less than 1 W standby policy 
used much less standby power. For complex systems such as home theatre systems, which 
were made up of several components, considerable energy savings could be achieved if the 
components were all energy efficient. Selecting low standby power appliances or switching 
the appliances off fully when not in use can reduce the total annual energy demand of 
individual appliances significantly. 
 
4.3. Standby energy 
 
The corresponding annual standby energy estimated for the measured electrical appliances 
(kWh/appliance) is presented in Table 6. From comparing the difference between minimum 
value and maximum value, it can be seen that considerable amounts of energy could be saved 
by using more energy efficient appliances. For example, up to 170 kWh of electricity could 
be saved annually in home theatre systems if an appliance with maximum value was replaced 
with one having minimum value. This would be equivalent to saving $32 per year and 177.7 
kg of CO2 emissions. This shows the importance of consumer behaviour and product choice, 
which could have a serious impact on energy demand and greenhouse gas emissions.  
 
Comparison of the average energy consumption between the standby and operational modes 
for the tested appliances in the first group (Tables 6 and 4) showed that, except for the home 
audio systems, the annual operating energy was generally greater than the annual standby 
energy. In comparison, the home audio systems usually used more standby energy, because 
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even their minimum standby power value was still 7.67 watts (Table 5), which was much 
higher than for the other appliances tested in the study.  
 
5. Conclusions 
The high growth in the uptake of electrical appliances consumes significant amounts of 
electricity globally. In this study, standby power and operating power for a range of electrical 
appliances, relevant for Australia, were measured.  
 
It was found that different types of electrical appliances, or different brands of a given type of 
appliance, use significantly different amounts of operating power and standby power. For 
most tested appliances, standby power usage was still well above the national goal of 1 W or 
less. With the exception of home audio systems, the study also found that the electrical 
appliances were using more operating energy than standby energy.  
 
This paper has highlighted the importance of reducing the standby power used in a range of 
common electrical appliances. In particular, consumer behaviour and product choice can have 
a considerable impact on annual energy use and the associated greenhouse gas emissions. 
Energy rating labels would also enable consumers to evaluate the cost–benefit ratio when 
purchasing an electrical appliance. The minimum values of measured standby power also 
suggest that it is technically feasible to achieve standby power of less than 1 W. It is believed 
that international coordinated action, such as the ‘One Watt’ initiative, can have a strong 
impact on the reduction of energy use by appliances globally. 
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Table 1: Classification of operational modes for electrical appliances 
Description Operational mode Active standby 
mode 
Passive standby 
mode 
Off mode 
Definitions The power 
required when the 
appliance is in the 
normal operational 
mode. 
The power 
required when 
the appliance is 
in energy saving 
mode. 
The power 
required when the 
appliance is in 
standby mode, 
waiting to perform 
an intended 
function. 
The appliance is 
disconnected 
from the power 
source.  
Notes The appliance is 
used as intended 
(i.e., performing its 
primary function). 
The appliance 
draws the most 
power in this 
mode. 
The appliance is 
turned on, but is 
not actually 
being used (e.g., 
many computer 
monitors have 
this feature).  
The appliance 
(e.g., a television 
set) is turned off 
by the remote 
control.  
The appliance is 
not switched on, 
nor will the 
remote control, 
if any, work.  
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Table 2: Number of appliances/products tested in this study for each category. 
Appliance Sample size (n) 
Group 1 
desktop 4 Computers laptop 1 Home audio systems 5 Home theatre systems 4 CRT 10 LCD 5 Telvisions  Plasma 1 Group 2 Clothes dryers 1 Dishwashers 12 Microwave ovens 28 Washing machines 27 
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Table 3: Appliances tested and assumed daily operating and standby times 
 Assumed daily time (hours) 
Appliance 
Operational 
mode 
Standby 
mode 
Group 1 
• Computers (desktop & laptop) 
• Home audio systems 
• Home theatre systems 
• Televisions (CRT, LCD & plasma) 
3 21 
Group 2 
• Clothes dryers 
• Dishwashers  
• Microwave ovens  
• Washing machines 
0.5 23.5 
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Table 4: Operating power and energy for the tested electrical appliances in Group 1 
Operating power 
(W/appliance) 
Operating energy 
(kWh/appliance.year) 
Description 
Min. 
value 
Max. 
value 
Average 
value 
Min. 
value 
Max. 
value 
Average 
value 
Computers (desktop) 62.09 79.81 67.69 67.99 87.39 74.12 
Computers (laptop) 24.35 35.88 29.36 26.66 39.29 32.15 
Home audio 42.53 68.45 55.31 46.57 74.95 60.56 
Home theatre 280.4 379.52 327.84 307.04 415.57 358.98 
Televisions (CRT) 38 63.94 50.26 41.61 70.01 55.03 
Televisions (LCD) 20.57 319.66 163.41 22.52 350.03 178.93 
Televisions (plasma) 215.5 612.78 394.5 235.97 670.99 431.98 
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Table 5: Standby power for various electrical appliances (W/appliance) 
Description Min. value Max. value Average 
value 
Australian national 
average in 2005  
Computer (desktop) 0.00 9.30 4.53 28.10 
Computer (laptop) 0.00 2.13 1.05 NA 
Home audio systems 7.67 21.45 12.17 NA 
Home theatre systems 0.57 22.70 10.79 19.6 
Televisions (CRT) 1.83 15.45 6.2 
Televisions (LCD) 0.00 4.44 0.55 
Televisions (plasma) 0.00 2.32 0.36 
6.20 
Clothes dryers 0.00 3.27 0.90 1.50 
Dishwashers 0.40 8.30 3.26 0.7 
Microwave ovens 0.30 4.30 2.08 2.20 
Washing machines 0.56 5.01 2.09 1.5 
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Table 6: Corresponding annual standby energy estimated for the measured electrical 
appliances (kWh/appliance) 
Description Min. value Max. value (Max.–min.) value Average value 
Computers (desktop) 0.00 71.28 71.28 34.72 
Computers (laptop) 0.00 16.33 16.33 8.05 
Home audio systems 58.79 164.41 105.62 93.28 
Home theatre systems 4.37 174.00 169.63 82.71 
Televisions (CRT) 14.03 118.42 104.40 47.52 
Televisions (LCD) 0.00 34.03 34.03 4.22 
Televisions (plasma) 0.00 17.78 17.78 2.76 
Clothes dryers 0.00 28.05 28.05 7.72 
Dishwashers 3.43 71.19 67.76 27.96 
Microwave ovens 2.57 36.88 34.31 17.84 
Washing machines 4.80 42.97 38.17 17.93 
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(a) USA [4] 
 
(b) Australia [2] 
Figure 1: Household energy use in 2006 

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Figure 2: Energy used by electrical appliances in Australia [2]. (Note: a bottom-up end-use 
model was developed to track energy consumption at a state level from 1990 to 2005 with 
projections to 2020).  

 
